The isolation of axisocyanate-3 as a minor component of Acanthella cavernosa has been confirmed by spectroscopic characterisation of the metabolite, and by conversion of a mixture of axisothiocyanate-3 and axisocyanate-3 to their diethyl(thio)urea derivatives. The role of isocyanates in the formation of urea metabolites in sponges has been investigated through a model study with a menthyl-derived isocyanate.
Introduction
Bioactive terpenes functionalized by the presence of isocyano, isothiocyanato and formamide groups are a common structural motif in marine sponge chemistry. Much less commonly encountered are terpenes functionalized by thiocyanato, dichloroimine or isocyanato functional groups. 1, 2 Examples of the isocyanate functionality in the marine terpene literature include the bisabolene (1) 3 and aromadendrane (2) 4 sesquiterpenes, the amphilectane diterpenes 3-5, 5, 6 and the kalihinol A derivative 6. 7 Novel biological activites have been described for these metabolites; compounds 3-5 are cytotoxic with 5 also showing potent and selective antiplasmodial activity, 8 while 6 inhibits the metamorphosis of barnacle larvae. 7 In contrast, isocyanate 2 is non toxic to fish and has been proposed to play a role in the detoxification of isocyano metabolites in Acanthella cavernosa. 4 The recent reports of symmetrical sesquiterpenes containing urea functionality in marine sponges [9] [10] [11] hint at a possible role of isocyanates in their biosynthesis, and suggest that isocyanate metabolites might occur more widely in marine sponges than has been reported.
In this paper, we report the isolation of a new isocyanate with a spiroaxane skeleton from the well-known Indo-Pacific sponge Acanthella cavernosa, and describe a biomimetic reaction with menthyl isocyanate that may illustrate the role of terpene isocyanates in the formation of sponge natural products.
Result and Discussion
Four specimens of Acanthella cavernosa were collected at Tani's Reef, Mooloolaba, Australia in October 2004. Organic extracts from each sponge were examined by 1 H NMR, and by GC-MS which showed two clusters of peaks. A group of peaks with retention time between 10.0 -12.0 mins and m/z of 231 were characteristic of sesquiterpen isocyanides, and the other cluster with a retention time of 13.5 -15.0 mins and m/z 263 were characteristic of sesquiterpene isothiocyanates. In each extract, a peak with a retention time of 12.3 mins and an m/z of 247 was of interest since this corresponded to a sesquiterpene isocyanate metabolite. The extracts were then combined on the basis of the similar chemistry and fractionated by silica flash column chromatography followed by normal phase HPLC using ethyl acetate-hexane mixtures. A fraction eluting from HPLC (0.25% ethyl acetate/hexane) using two columns in series was a mixture of two compounds by GC-MS with molecular ions at m/z 247 and 263. Examination of 1 H spectra showed a major component containing three methyl doublets plus a methyl singlet on a double bond, while all fifteen carbons of the terpene skeleton could be identified from 2D spectra, as was an isothiocyanate signal at δ C 129.2. This component was identified as the spiroaxane metabolite axisothiocyanate-3 7 by comparison with literature data. 12, 13 The minor component corresponded to the isocyanate metabolite with m/z 247. The upfield regions of both 1 H and 13 C NMR spectra did not reveal the complexity expected for a mixture of terpenes, suggesting that the new metabolite had the same carbon skeleton as 7. Thus the component was likely to be the isocyanate analogue 8 named as axisocyanate-3. The 1 H-13 C connectivities for the minor component were then assigned using gHSQC data. Proton signals at δ H 3.51 and 5.14 correlated to signals at δ C 64.6 and 124.7 that could be assigned as C-6 and C-4 respectively. Table 1 compares the NMR data for 7 and 8. Generally the 13 C signal for an -NCO group occurs between δ C 120-135, but no signal corresponding to this functionality could be identified in the 13 
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In order to confirm the presence of the isocyanate compound, the mixture of 7 and 8 was treated with diethylamine in DCM overnight at RT to give the thiourea 9 and urea 10. The 13 C NMR of the product mixture showed signals at δ C 180.6 (thiourea) and δ C 156.9 (urea) that had the anticipated correlations from the respective H-6 protons and from the diethylamine methylene protons in an HMBC spectrum. Previous synthetic conversions of (+)-axisonitrile-3 11 to (+)-axisothiocyanate-3 7 using elemental sulphur had given rise to traces of a component with m/z 247 in the crude reaction product which could now be identified as axisocyanate-3, but attempts to isolate this product were unsuccesful. We conducted biomimetic model studies on a menthyl-based skeleton in order to probe the chemistry of terpene isocyanates further. The menthyl-derived mesylate 12 was converted to axial azide 13 using NaN 3 in DMF. 15 Reduction of the azide using Samples of synthetic compounds 14 -16, and of a menthyl-based isothiocyanate 21 and dimeric thiourea 22 prepared according to Scheme 1, were subjected to antimicrobial and antiparasitic screens, but were without biological activity. The 13 C NMR spectrum of thiourea 22 contained two sets of signals consistent with the presence of rotamers.
Conclusion
Isocyanate metabolites are labile metabolites in marine sponges whose presence may frequently have gone undetected in isolation work owing to their sensitivity to hydrolytic conditions. By careful examination of a marine sponge extract, and by chemical derivatisation, evidence supporting the presence of axisocyanate-3 has been obtained. A model study using menthylbased intermediates reveals that terpene isocyanates readily convert into amine and urea analogues.
General experimental procedures. Optical rotations were obtained using a JASCO-P1010 polarimeter. One and two dimensional NMR spectra were acquired using Bruker DRX-500 or Bruker AMX-400 instruments. NMR spectra were obtained in deuterochloroform at room temperature. Samples were internally referenced to CHCl 3 at either δ H 7.25 and δ C 77.0. High and low resolution mass measurements were obtained from a Finnigan MAT 900 XL-Trap electrospray (ESI) mass spectrometer with a Finnigan API III electrospray source. Gas chromatography/mass spectrometry (GC-MS) spectra were recorded on a Hewlett Packard 5890A gas chromatograph, carrying a DB5 capillary column in tandem with a Hewlett Packard 5970 mass selective detector or a Shimadzu GCMS-QP5050A gas chromatograph mass spectrometer, carrying a Zebron ZB-5 capillary column (30 mL x 0.32 mm ID x 0.25 µm df, 5% phenyl polysiloxane) with a Shimadzu AOC-20i auto injector. 
ppm)).
Urea ( Azide 13. To a solution of (-)-menthyl mesylate 12 (2 g, 8.5 mmol) in anhydrous DMF (53 mL) was added sodium azide (1.66 g, 25.6 mmol) and the mixture was stirred for 42 h at 80 ºC. The solution was cooled to room temperature, followed by addition of Et 2 O (50 mL) and washed with H 2 O (3 x 100 mL), brine (100 mL), dried (Na 2 SO 4 ) and concentrated under reduced pressure to afford crude azide as a clear oil. The crude oil was subjected to column chromatography (10% EtOAc/hexane) to give 13 (0.907 g, 5.0 mmol, 59%) as a clear oil; IR (thin film) 2105 cm -1 (s); 1 H NMR (CDCl 3 , 400 MHz): δ 3.96 (1H, q, J = 4 Hz), 2.00 (1H, qd, J = 4, 16 Hz), 1.74 -1.62 (4H, m), 1.24 -1.10 (3H, m) , 0.92 (3H, d, J = 8 Hz), 0.88 (6H, d, J = 4Hz). 13 
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Figures S1-S16. 1 H and 13 C NMR data for compounds 7 -10, 12, 14 -16, and 21 -22.
